We measure the propagator length in imaginary time quantum mechanics by Monte Carlo 
When considering the geometry of particle propagation in quantum mechanics the suitable language is that of path integrals. Feynman and Hibbs [1] have shown that quantum mechanical pathes can be viewed as zig-zag lines, which are no-where differentiable, and which exhibit self-similarity when viewed at different length scales. Abbot and Wise [2] have shown that quantum mechanical pathes of free motion are fractal curves [3] of Hausdorff dimension two. In imaginary time (Euclidean) quantum mechanics the free motion resembles very much the Brownian motion of a classical particle as has been observed by Nelson [4] . It turns out that the average path of a classical particle carrying out a Brownian motion (steps ∆x and ∆t, such that the diffusion coefficient d = 1 2 ∆x 2 /∆t is finite) is also a fractal curve of Hausdorff dimension two [5, 6] . The Euclidean path integral of imaginary time quantum mechanics corresponds to a Wiener measure [5] . The case of the Euclidean free scalar field is discussed by Itzykson and Drouffe [6] . Quite generally, the measure of Euclidean path integrals gives the dominant contributions coming from field configurations corresponding to pathes of no-where differentiable curves [7] . By measuring the length L of a curve in terms of an elementary length ∆x, the geometrical property of being a fractal
Strictly speaking, this gives a fractal dimension d f which in most cases coincides with the Hausdorff dimension d H . In quantum mechanics, ∆x → 0 requires ∆t → 0, one is at the continuum limit. The Hausdorff dimension is a critical exponent.
In this letter we want to investigate the critical exponent d H of quantum mechanics in the presence of local potentials and velocity-dependent potentials in the action of the path integral via Monte Carlo simulations on a temporal lattice. In order to be able to do a Monte Carlo simulation we consider imaginary (Euclidean) quantum mechanics with a negative action
where we have discretized the time T = t f − t i , ∆t = T /N ≡ ǫ. We define the quantum mechanical expectation value of the length for propagating the particle from (
It is useful to introduce another quantity related to the length squared
This can be computed analytically
In the continuum limit (∆t → 0, | ∆ x |→ 0), we expect critical behavior
In order to determine the Hausdorff dimension, one needs to know the elementary length ∆x. From the action one can estimate this in
Comparing eq. (8) with eq.(6) yields A = 1/2 and d H = 2 confirming the known result for free motion. Eq. (9) is in agreement (apart from an overall factor 2) with the exact result of eq.(5) (for ǫ → 0) and yields B = C = 0.
Results of < L f,i > and < SQ f,i > from Monte Carlo simulation are shown in Fig.[1] .
We have considered in D = 3 space dimensions the free motion as well as motion in the presence of a local potential V ( x), i.e. the cases:
We have plotted log < L > versus log N and < SQ > versus N, where T = N∆t is kept fixed. The expectation value <| ∆ x |> is obtained by < L > /N. In Fig.[1a, b] we show < L > and < SQ > for the free case and find agreement with the estimated scaling behavior given by eq.(6-9). In dependence occurs in solid state physics for electrons moving in solids [8] . Another example in nuclear physics is Brueckner's theory of nuclear matter [9] , using a potential of the form
One should note, however, that a non-Gaussian momentum dependence in the quantum Hamiltonian does not correspond to the same functional form in the action of the path integral. Assuming a polynomial momentum dependence, e.g. p 4 , in the Hamiltonian leads in the action to a term which falls off faster than a Gaussian as a function of ∆x/∆t 1/4 . This can be parametrized by exp[−(∆x/∆t 1/4 )
If A = 4/3, this leads to a velocity dependence dtv 4/3 in the action. All terms in the above parametrization lead to a ∆x ∼ ∆t behavior different from that of the free motion ∆x ∼ √ ∆t. In order to keep matters simple, we have chosen to consider the following parametrization of the action of the path integral
Here U denotes a local potential. We have seen above that a local potential does not change the fractal dimension, so we drop the U term in what follows. Let us estimate the Hausdorff dimension for the action S = − dtV ( v). In analogy to the free case we have ∆tV 0 (<| ∆ x |> /∆t) α ∝ 1, and thus
Of course, for α = 2 the scaling behavior agrees with that of the free motion, eqs. (8, , i.e., the value expected from the velocity dependent potential without kinetic energy. Thus α crit = 2 is a critical value of the velocity dependent potential. The same kind of behavior is seen for the critical exponent C.
To conclude let us discuss some perspectives for solid state physics and for QCD. 
